The thermal conductivity of semiconductor multi-layered heterostructures is anisotropic. When the layer widths are comparable or smaller than the phonon mean free path, the rate of phonons scattering by interfaces increases, thereby hampering the phonon transport and reducing the heat dissipation rate. As a consequence, both the in-plane (k ║ ) and the cross-plane (k ⊥ ) components could be much lower than the bulk values of constituent materials, and even smaller than the thermal conductivities of related alloys.
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To study the influence of these effects on the thermal characteristics of quantum cascade lasers (QCLs), we have exploited an experimental approach based on the experimental shift of band-to-band photoluminescence spectra in operating QCLs, used as a thermometric property. These data allowed to validate a two-dimensional anisotropic heat dissipation model and extract the heat dissipation patterns and the in-plane (k ║ ) and the cross-plane (k ⊥ ) thermal conductivities of the active region. We have investigated selected device structures as a function of the lattice temperature, the dissipated power and the injected current geometry. The present talk will focus on the following subjects:
(a) Facet temperature profiles of GaInAs/AlInAs mid-IR QCLs operating in CW. These results were used to evaluate k ║ and k ⊥. In the temperature range 80 K -250 K, k ⊥ monotonically increases with temperature and remains one order of magnitude smaller than the thermal conductivities of bulk constituent materials. We found excellent agreement between calculated and experimental values of the thermal resistance in GaInAs/AlInAs QCLs operating in continuous wave up to 400 K. [1] Comparison between the calculated thermal performance of QCLs sharing the same active region structure, but having either a buried or a ridge waveguide configuration, will be discussed. [2] (b) The influence of the optical waveguide structures on the device thermal properties will be investigated by measuring the normalized thermal resistance in bound-to-continuum and resonant-phonon THz QCLs. [3] (c) Thermal mapping of THz QCLs in the temperature range 40-300 K. The experimental data have been used to extract the anisotropic thermal conductivity and the influence of the electrical contact configuration on the temperature distribution. In the latter case the analysis has been carried out via a Joule heating model.
